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Amagasaki, Hyogo, Japan 
and Kouji Ishijima, Engineer, Kajutomo Asami, Engineer 
Shizuoka Works, Mitsubishi Electric Corporation 
Sizuoka, Japan 
ABSTRACT 
Effects of the relevant factors to the noise and 
efficiency of a rolling piston type refrigeration 
compressor (horizontally installed-type) for house-
hold refrigerator and freezer have been studied by experiments. Relationships among the crank angle, 
the vane and valve motions, and the vibration at 
each part were also measured to clarify the noise 
generating mechanism. As the relevant factors of 
the noise and efficiency, the radial clearance 
between the piston and the cylinder, the diameter 
of the discharge valve port, the clearance between 
the vane and the vane slot, eccentricity of the 
motor rotor, and the pumping system of lubricating 
oil were studied, and the optimum dimensions and 
structure to realize low noise and high efficiency were discussed. The fouudamental design concept of 
the rolling piston type refrigeration compressor 
for household refrigerator and freezer was acquired. 
1. INTRODUCTION 
To meet the demands for high efficiency, small size, 
light weight and low noise, hermetic type refriger-
ation compressor tends to be switched from old re-
ciprocating type into rotary type recently. 
Efficiency of rotary compressor is basically better 
than that of reciprocating compressor, mainly be-cause the superheat of suction gas is smaller and 
no suction valve is required. To reduce gas leak--
age, however, the clearances of the sliding parts shall be made small and uniform, and high accuracy 
is required in machining and assembling. The vi-
bration of the pump-motor assembly of rotally com-
pressor is smaller than that of reciprocating com-
pressor because the mechanical balance is better 
and the pressure change in the cylinder js more 
lenient. Since the vibration of the pump-motor 
assembly is smaller, rotary compressor is made 
smaller ordinarily by fixing the pump-motor assem-
bly directly on the shell. In regard to noise, 
therefore, it is hard to say that rotary compressor 
is more advantageous than reciprocating compressor 
in which the pump-motor assembly is suspended on 
the shell through springs. With reciprocating com-
pressor, it is possible to control the noise by im-
proving the vibration-transmission paths between 
the pump-motor assembly and the she1.l .. uch as the 
springs or the discharge pipe. With rotary com-
pressor in which the pump-motor assembly is fixed 
directly on the shell, however, it is necessary to reduce the vibration exciting forces of the pump-
motor assembly, which means the shape and dimen-
sions of the pump-motor assembly have to be changed. 
Since the change in shape and dimensions affects 
the compressor efficiency, consideration shall be 
paid to both noise and efficiency in the study. 
The rotary compressors now in practical use include 
the sliding vane type and the rolling piston type. 
On the efftcye(ci and the noise, several reports have made, 1 - 1 ) but none of them are dealing 
with both noise and efficiency, and the report on 
noise is rather rare. For rolling piston type, in particular, no reports have been made, and for 
sliding vane type, the noise by the cavity reso-
nance in the shell( 5 ), the noise due to pressure 
variation in the cylinderC 6 ), and vane chatteringC7) 
are reported. On the ~oise sources of rotary com-
pressor and the noise control, no systematic re-
ports have been made so far. 
In this study, the relevant factors to the noise 
and the efficiency (coefficient of performance) of 
a rolling piston type compressor (horizontally in-
stalled-type) for household refrigerator and freez-
er, and the degree of influence have been experi-
mentally investigated. The relationships among the crank angle, the vane and discharge valve motions, the viration at each part were also measured to 
clarify the noise generating mechanism. Though the 
compressor was operated under normal condition, for some tests, however the compressor was operated 
under a wide range of conditions. 
On the results of these experiments, discussion was 
made on the optimum dimensions and structure to re-
alize low noise and high efficiency. In this re-
port, the description is given for the relevant 
factors to the efficiency but only to those that 
exert influence over the noise. 
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2. TEST COMPRESSOR AND TEST PROCEDURE 
2.1 Test Compressor 
Fig. 1 shows the sectional view of a test compres-
sor. The rated refrigerating capacity is 190 kcal/ 
h, and the pump-motor assembly is fixed directly to 
the flanged shell. The flanged shell is used be-
cause re-assembling of parts can be made easily yet 
accurately. In the stage of full scale production, 
however, welded shell is used and the difference 
between flanged shell and welded shell will be a 
problem, particularly in view of the noise. This 
was examined by preliminary experiment, therefore, 
to make sure that the difference in noise level 
between the two types of shells is minimal and the 
flanged shell suffices the object of the study. 
Rolling pisTOn ,, 
~;: 
Oil cop// 
Oil level / 
Oil pump/' 
'""' 
(2) Efficiency Measurement 
The efficiency was evaluated by coefficient of per-
formance, and the refrigerating capacity was meas-
ured with a secondary refrigerant calorimeter. The 
input power of the motor was measured with a watt-
meter. 
(3) Measurements of Crank Angle, Vane and Dis-
charge Valve Motions, and Vibration at eaah 
Part 
The clarify the noise generating mechanism, the re-
lationships among the crank angle, the vane and 
discharge valve motions, and vibration at each part 
were measured with a synchroscope. 
Discharge 
pipe 
Fig. 1 Sectional view of test compressor 
Unlike ordinary longitudinal compressor, the lubri-
cation system of this horizontal compressor uses 
discharge gas to pump up the oil. That is, the 
discharged gas (R-12) from the discharge valve is 
supplied through the muffler to the oil pump, com-
posed of two pipes, of ~hich a joint is opened in 
the oil inside the shell. By the kinetic energy of 
the discharged gas from the joint of the oil pump, 
the oil is pumped up to be supplied from the crank 
shaft to each sliding part. The details of the oil 
pump are given in the Section 3.5. 
2.2 Measuring Method 
(1) Noise Measurement 
The noise was measured in an anechoic room while 
suspending the compressor with strings. The meas-
uring points are at two places as shown in Fig. 2, 
at 30 em from the shell surface and in the direction 
perpendicular to the crank shaft. The noise level 
was measured with a precision sound level meter, and 
the arithmetic mean of the noise levels at two meas-
uring points was taken as the typical noise level 
under the test condition. For the spectrum analy-
sis, a real time analyzer with the frequency re-
solution of 400-line was employed, and the number 
of times of averaging was 32. To the load of the 
compressor, a dry system refrigerant calorimeter 
was used. 
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The crank angle, the vane and discharge valve 
motions were detected by gap sensors of non-contact 
type using eddy current as shown in Fig. 3. For 
30cm 
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Fig. 2 Method of measuring noise 
the detection of the crank angle, a disk with 30 
teeth spaced-apart equally was mounted on the motor 
rotor, and to place the reference of the crank 
angle at the position of the top dead center, the 
tooth shape corresponding to the position was modi-
fied. Thus the output signal from the gap sensor 









(a) Crank anole 
(b) Vane motion 
"'Valve stop /alve spring 
(c) Valve motion 
Detection methods of crank angle 
vane motion and valve motion 
and 
The vibration was measured with six piezo-electric 
accelemeters placed around the cylinder and on the 
shell surface. The outputs of the piezo-electric 
accelemeters were connected to the synchroscope 
through a spectrum analyzer to measure the time 
variation of the vibration spectra. 
2.3 Operating Conditions of Compressor 
The compressor was operated under normal condition; 
suction pressure= 0.34 kg/cm2 (gauge), suction gas 
temperature= -23"C, discharge pressure= 12.7 kg/ 
cm2 (gauge), expansion valve entrace temperature= 
55"C, and power source frequency = 60 Hz. For some 
tests, however, the compressor was operated under a 
wide range of conditions; suction pressure from 
-0.74 to +0.34 kg/cm2 (gauge) and discharge pre-
ssure from 5.0 to 12.7 kg/cm2 (gauge). 
2.4 Test Procedure 
The relevant factors to the noise and efficiency 
were extracted by experiments, then the degree of 
the effect to the efficiency and noise was examined while changing systematically the conditions of the 
extracted factors, the relations of each factor to 
noise and to efficiency were investigated. After 
finding out the optimum condition of each factor to 
obtain low noise and high efficiency from the re-
sults, the condition of each factor was systemati-
cally changed again which keeping the unexamined 
other factors under the optimum condition to ex-
amine the relation between the degree of the effect 
and the condition of each factor more accurately. 
The results are described in the following E"ection. 
3. TEST RESULTS AND DISCUSSION 
Described in the following text are the test re-
sults of the :;,;,levant factors to efficiency an,j 
aoise, and a:~so the degree of influence. The op:i-
mum dimensi:':ms ;o_n.:; str~1ctures of each fa,:tor to 
realize low noise and high efficiency are also dis-
cussed. The relevant factors to efficiency <e-
ported in thj_s text, however, are limited only to 
those that exert influence over the noise, 
3.1 Relations of the Radial Clearance between 
Piston and Cylinder to Noise and to Efficiency. 
The relations of the radial clearance betwr:';ln the 
pj.ston and the cylinder to noise and to efficiency 
is as shown in Fig. 4. The radial cleerance is the 
value u.,_der the condition that the piston and the 
crank and also the crank shaft and the bearing are 
assembled concentric, and is changed by altering 
the O.D. of the piston. Both the noise level and 
the efficiency are indicated respectively by the 
relative value and ratio taking the values at the 
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Relations of the radial clearance between 
piston and cylinder to noise and to effi-
ciency 
The drawine indicates that the efficiency is in-
creased as the clearance becomes smaller. This is 
regarded due to the decrease of gas leakage. Up to 
+5 wm, the noise level does not change even if the 
clearance is reduced, but below the clearance, the 
noise level shows a sharp increase and is saturated 
at -5 wm and lower. The collision of the piston 
with the cylinder seems to be the cause for the 
noise level increase along the decrease of the 
clearance. Fig. 5 shows the difference in the 
noise frequency characteristic at -8 vm of the 
clearance (with collision) and at +7 wm (without 
collision). When the piston collides against the 
cylinder, the noise increases in the frequency 
range from 2 kHz to 7 kHz as shown in Fig. 5. From 
the observation of the time series correlation 
between vibration of each part and crank angle, it 
turned out that the collision of the piston with 
the cylinder is within the range of the crank angle 
from about 140" to 200° if the crank ar..gle at the 
top dead center is 0°. The collision of the piston 
with the cylinder at the above position will be due 
to the fact that the force F depressi_ng the piston 
against the cylinder as shown in Fig. 6(a) becomes 
the largest at the position. By the analysis 
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Frequency (kHz) 
Difference of noise frequency characte-
ristic at -8 Wm and +7 WID of the radial 
clearance between piston and cylinder 
calculated and the maximum point was near 170° of 
the crank angle as shown in Fig. 6(b). Thus the 







Calculated result of force F de-
pressing piston against cylinder 
From the above results, the relations of the radial 
clearance between the piston and the cylinder to 
the noise and to the efficiency were made clear. 
From the point of efficieccy, smaller radial clear-
ance is better but the optimum value of the radial 
clearance that meets both efficiency and noise is 
in the vicinity of +5 Wm since the noise is in-
creased sharply below +5 wm. 
3.2 Relations of the Diameter of Discharge Valve 
Port to Noise and to Efficienc7 
By changing the diameter D of the discharge valve 
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port shown in previous Fig. 3(c), the relations to 
noise and to efficiency were examined and the re-
sults are as shown in Fig. 7. Since the change of 
the port diameter turns into the change of clear-
ance volume, the results of the experiment are 
arranged by the change in the clearance ratio 



























Relations of discharge valve port 
diameter to noise and to efficiency 
Both the noise level and the efficiency are indi-
cated respectively by relative value and by ratio 
taking values at the clearance ratio at 0.87% as 
the reference. Fig. 7 indicates that the effi-
ciency is reduced as the clearance ratio becomes 
smaller but below 0.87% of the clearance ratio, the 
efficiency is increased in reverse. This might be 
attributable to the fact that the efficiency is im-
proved to 0.87% o£ the clearance ratio due to the 
improved volumetric efficiency and to the reduction 
of recompressed gas quantity but below 0.87% of the 
clearance ratio, the effect of the pressure drop of 
the refrigerant at the port becomes substantial. 
The noise level is lowered as the clearance ratio 
decreases. Fig. 8 is to show the difference in the 
noise frequency characteristic at 2.87% and 0.87% 
of the clearance ratio. The decrease of the noise 
frequency component was in the range from 500 Hz to 
2.5 KHz. From the observation of the time series 
correlation, it turned out that the reduction of 
the clearance ratio, i.e. of the diameter of the 
discharge valve port results in the reduction of 
only the vibration generated while the discharge 
Fig. 8 
0 2 3 4 
Frec;uency (kHz) 
Difference of noise frequency characteris-
tic at 2.8"1% and 0.8n of clearance ratio 
valve is open. This is probably because the pre-
ssure variation of the higher component in the 
cylinder was reduced by the reduction of the port 
diameter but no proving was possi.ble by the results 
of the experiment of this time. This is expected 
to be investigated further. 
The relations of the diameter of the discharge port 
to noise and to efficiency were made ~lear by the 
above results. The noise level is lowered along 
with the reduction of the port diameter, and the 
efficiency is improved. However, the port diameter 
at the maximum efficiency is optimum since the 
efficiency is lowered below a certain diamete~ 
(0.87% of the clearance ratio). 
3.3 Relations of the Clearance between Vane and 
,Vane Slot to Noise and to Efficiency 
Fig. 9 shows the relations of the clearance between 
the vane and the vane slot to noise and to effi-
ciency. Both the noise level and the efficiency 
are given respectively in the relative value and 
the ratio taking the values at the clearance of 27 
1-liD as the reference. The clearance is shown by the 
value in the direction of vane thickness and as the 
total clearances at both sides of the vane. The 
drawing indicates that the efficiency increases as 
the clearance decreases. This is attributable to 
the reduction of the oil and gas (contained in the 
oil) leaking through the clearance into the 
cylinder. The noise level remains the same even if 
the clearance is reduced to about 27 l.lm, but below 
the clearance, shows a sharp increase and is satu-
rated at about 24 l.lm or lower. As the cause for 
the sharp increase of the noise level, it was o~­
served from the waveform of the vane motion detect-
ed by the gap sensor that the vane was chattering. 
The chattering was generated at the position of 
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Relations of the clearance between vane 
and vane slot to noise and to efficiency 
Fig. 10 shows the difference in the noise frequency 
characteristic at the clearance of 21 l.lm (with vane 
chattering) and at 30 11m (without vane chattering), 
and with chattering, the noise was increased in the 











---~ " Clf:ararce 30).lm 
Difference of noise freque~cy character-
istic at 21 l-<'"- and 30 ]Jm of the clearance 
between vane and vane slot 
Besides the clea·~a.r:ce between ::he vane and the vane 
slot, the vane chatterlng is affected hy the force 
pressing the vane against the piston, i.e. the pre-
ssure difference between the discharge side and the 
suction side. In practical operation of compressor 
mounted on household refrigerator, the pr~eo:sure 
condition chanfes in a wide range. It is desi:cablc. 
therefore, to svoid vane chatte;ing under sl'.<:.h an 
operating condj.tion and also to set the clear.~nce 
between the vane and the vane slot as lm.r as bossi-
ble for higher efficiency. In vieTII' of the above, 
increase of noise due to vane chattering was exam-
ined w1:lile change the sucti.on oressure. from -0.74 
to +0.34 kg/cm2 (gauge) and th~ discharge pressure 
from 5.0 to 12.7 kg/cm2 (gauge) to various clear-
ance values. From the results of the experiments, 
selected is the clearance value that causes no 
c~_attering within :.:he range of the pressure con-
ditio~ expected for the practical operation of com-
pressor ffiounted on household refrigerator. 
Under the pressure cundition of lo'" discharge pre-
ssure such as 5 kg/ cm2 and of vacuum con:H tion as 
-0.74 kg/cm2 of the suction pressure, the vane 
chattering w~s generated at the top dead center. 
The pressure condition like this happe~s at the 
initial starting of compressor. The.t is, the 
vacuum condition is realized at the suction side 
because t1~e compressor temperature is low, and the 
refrigerant is totally condensed in ·the shell be-
coming not tc circulate through the r~frigerating 
system. Vane chattering at the top de<'d center 
under this pressure condition is proba~ly due to 
oil compression. It is presumable that the oil 
leaked into the cylinder becomes hard to be dj.s-
charged through the discharge valve port and apt to 
be acc1lmulated in the cylinder as the flow rate of 
the refrigerant becomes very low. As the result, 
oil compression is caused at the top dead center 
increasing the pressure in the cylinder abruptly, 
and vane chattering is resulted. To prevent the 
vane chattering hy the above oil compression. it 
becomes necessary to mitigate the pressure rise by 
oil compression. The effective measure will be to 
increase the clearance volume at the top dead 
center and to minimize the volumetric rate of 
change of the oil by coopression. Accordingly, the 
side edge of the vane slot at discharge side was cut 
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off to 45" to increase the clearanco; volu;u., at the 
top dead center. Fig. 11 shows the relations of 
the beveling dimension to noise and to efficiency. 
As to the operating condition of the compressor for 
noise measurement, the discharge pressure is 5 kg/ 
cm2 (gauge) and the suction pressure is -0.74 kg/ 
cm2 • For efficiency measurement, the compressor is 
operated under normal condition. Both the noise 
level and the efficiency are shown respectively in 
the relative value and ratio taking the values at 
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Relations of the !:>eveling diluension of 
the side edge of vane sl"t to nois"' 
and to efficiency 
The drawing indicates that the noi~o><:\ level shows a 
sharp decrease as the bevelillg dimension is in-· 
creast<J and is saturated at l. 3 Jlllll and larger. 
This means that the vane chactering is cancelled at 
the dimension. This was also proved frolll the re-
sult of th2 observation of the waveform of vane 
motion. Since the efficiency is lo-wered as the 
beveling dimension increases, the cptimt":m valua of 
thto beveling dir.!ension that meet5 both noise and 
efficiency is 1.3 mm. The eificiency at this di-
mension is lm-rered only by about 0. 5% from the 
efficiency at 0. 5 nrrn cf beveling dimension. 
Tt1e relation between the ~::cc"'ut:-i·:;ity of the motor 
rotor to the motor stator d.nd noiL;e 1;as investi-
gated. The eccentricity ;L;; the ratLu o± the de-
vlat:con to the average gap length b~::tweei'. the rotor 
and the sta-.:ur. The eccentricity was taken in the 
crank angle• of 90° because the crank sr1aft is de-
flect~:ed tv the direction by the prE<ssure difference 
bet\veen the succ:ion and discharge chambers and the 
effect of the eccentricity is mure emphasized. 
Fig. l~ shows the results of the experiment, and 
Eccentricity ( c:;'o) 
Fig. 12 Relation between motor-rotor 
eccentricity and noise 
the noise level is given in the relative value to 
10% eccentricity. The drawing indicates that the 
noise level increases as the eccentricity increases. 
Variation of the noige spectra was seen in the fre-
quency range of 1 kHz and lower. Fig. 13 shows the 
difference of noise frequency characteristic at 10% 
and 20% eccentricity. This indicates the spectra 
appa-rently affected by the eccentricity are 360 Hz, 
505 Hz, 623 Hz, 743 Hz and 870 Hz. As the vibrat-
ing force that is changed by the eccentricity, 
magnetic force is conceivable. They are the 
el<Octromaguetic force with the foundarnental fre-
quency of the twice of the power frequency and the 
slot h~rmonics electromagnetic force, The tertiry 
of the former is 360 Hz, and the component of 360 
Hz obtained from the results of the experiment will 
correspond to this electromagnetic force. 
Fig. 13 Difference of noise frequency character-
istic at 10% and 20% of motor-rotor 
eccentricity 
The frequency of the slot harmonics electromagnetic 
force differs between the rotor and the stator, and 
the vibrating force generated at the stator seems 
to affect the noise more than that generated at the 
rotor. The frequency of the slot harmonics of 
stator, fs, is given by the following equation. 
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(1(1 - S) + A)fo p (Hz) 
Where, Z ~ number of slots of rotor, P = number of 
poles, S ~ slip, A = -4, -2, 0, +2, +4, fo = power 
source frequency (Hz) For the motor of the test 
compressor, Z = 26, P = 2, S ~ 0.04, fo = 60 Hz, 
and with these values, respective fs at A= -4, -2, 
0, and +2 were obtained as 508.8 Hz, 628.8 Hz, 
748.8 Hz and 868.6 Hz. Since the frequency of 
spectra other than 360 Hz obtained by the eXperi-
ment are close to the above values, the spectra 
might be generated by the slot harmonics electro-
magnetic force. 
From the above, it turned out that the electro-
magnetic noise is increased as the eccentricity of 
motor rotor increases because of the magnetic field 
being uniformed. Accordingly, the eccentricity 
should be minimized within the allowable range for 
assembling. 
3.5 Relation between Pumping System of Lubricating 
Oil and Noise 
As the pumping system of oil, both the respiration 
pump and ejection pump systems were studied as 
shown in Fig. 14. 
01scharge gDs 
r~espirotion pump Ejector pump 
Fig. 14 Pumping system of lubricating oil 
The respiration pump uses the pulsation of the dis-
charge gas to pump up the oil and the disadvantage 
found out is that the gas tends to leak through the 
oil suction hole and bubble noise is generated. 
The generation of the bubble could be observed 
through the inspection window on the shell. The 
ejector pump was free from any bubble noise and was 
effective from the point of noise. Fig. 15 shows 
the difference in noise frequency characteristic 
between respiration pump and ejector pump. The 
bubble noise of respiration pump was noted in the 
frequency range from 1 kHz to 2 kHz and from 4 kHz 
to 5 kHz. 
4. CONCLUSIONS 
The results of this investigation can be summarized 
as follows: 
(1) The lower the radial clearance between piston 
and cylinder, the higher the efficiency be-
cause of the reduction of gas leakage. If the 
clearance becomes too small, however, the 
noise level shows a sharp increase as the 
piston collides against the cylinder. The 
Resp1ration pump 
2 3 4 5 
Frequency (kHz) 
Fig. 15 Difference of noise frequency character-
istic between respiration pump and 
ejector pump 
clearance shall therefore the minimized within 
the range that no collisioil is caused. 
(2) The noise level is lowered as the diameter of 
discharge valve port decreases. Since the 
clearance volume is also decreased, the effi-
ciency is improved as well. If the diameter 
of discharge valve port becomes too small, 
however, efficiency is lowered. This means 
that the diameter of discharge valve port 
shall be decided from the point of efficiency. 
(3) Narrow clearance between the vane and the vane 
slot results in high efficiency because the 
leakage of oil is reduced. Below a certain 
limit of the clearance, however, the noise 
level shows a shqrp increase due to vane 
chattering. Accordingly, the clearance shall 
be minimized within the range of no vane 
chattering. 
(4) As the suction pressure goes down, the amount 
of oil discharged from the cylinder reduces as 
the flow rate of refriverant is lowered. This 
results in vane chattering since the oil is 
accumulated and compressed in the cylinder and 
the noise level increases. The vane chatter-
ing can be prevented just by cutting off the 
side edge of the vane slot at the discharge 
side slightly. The reduction in the efficien-
cy by this side edge cutting is insignificant. 
(5) Increased eccentricity of motor rotor brings 
about uneven magnetic field and the noise 
level (magnetic noise) increases. The eccen-
tricity shall be minimized within the permis-
sible range for assembling. 
(6) The ejector pump that uses discharge gas flow 
is effective as the supply pump of lubricating 
oil. The respiration pump that uses discharge 
gas pulsation has a disadvantage in that 
bubble noise is generated as the gas tends to 
leak into the oil. 
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